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Hueper has contributed extensively to knowledge of the effects
of the injection into animals of non-metabolizable colloidal sub-
stances. In 1939 he reported storage of subcutaneously or intra-
venously injected polyvinyl alcohol in the reticulo-endothelium of
liver, spleen, and lymph nodes, in the endothelium of cerebral, pul-
monary, and renal vessels, in the histiocytes of various organs, and
in the glia and ganglion cells of the brain.'
The deposition of polyvinyl alcohol in the intima of the aorta
and the carotid and femoral arteries differed from that in the media,
as was reported later in the same year. In the lattercoat it was free,
as could be shown by specific staining, and it did not greatly swell
the media. The intima, on the other hand, showed nodular protru-
sions due to the accumulation of polyvinyl alcohol-containing mono-
cytes, simulating the well-known lipid-laden cell accumulations of
the intima in human atheromatosis.2 The next year he announced
that 2 and 5 per cent methyl cellulose solutions with a viscosity of
400 centipoises produced similar intimal changes when injected into
dogs and rabbits.3
The studies to be reported here were undertaken in the spring
of 1941 at the instigation of Dr. K. Stern. The substances used
were polyvinyl alcohol, sodium acrylate, and methyl cellulose. Dr.
Stern obtained them from the Hercules Powder Company and not
only made them available to us, but assisted greatly as the investiga-
tion advanced by determining the variants to be used.
Polyvinyl alcohol
Dogs were injected intravenously several times each week with
varying amounts and over varying periods with one of three grades
(15, 75, or 400 centipoises) of a 5 per cent solution of polyvinyl
alcohol in normal saline. Aside from moderate weight loss when
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the experiment was continued over a protracted period, the animals
showed no untoward signs. Only minor deviation from normal
occurred in blood pressure and non-protein nitrogen as these were
checked from time to time.
The viscosity of the various solutions of polyvinyl alcohol was
without apparent influence on the nature or location of the lesions
encountered. These corresponded in all respects with the descrip-
tions by Hueper and his associates.
The material was found deposited in the spleen, liver, kidneys,
lungs, subcutis, and also in the large blood vessels and their branches.
Cells laden with it were the first changes noted and the presence of
such cells in the tissues already enumerated constituted the progres-
sive process with continued injection. These cells, easily distin-
guishable by their foamy protoplasm, were specifically identified by
the blue staining of their polyvinyl content with "iodine compound."
This reaction was valuable in the detection of the colloid content of
cells like those of the liver and of the bronchial and intestinal lining
epithelium, and even more so when the polyvinyl alcohol was free
in lumina like those of the bronchi or in the tissue spaces of vessel
walls.
The genesis of the large foamy polyvinyl alcohol-containing
cells is readily seen in the sinusoids of the liver. Early storage in
other organs does not seem to involve the lining endothelium of
blood or lymph vessels, but rather the histiocytes of the adventitia.
These become so large and numerous in later lesions that their
source is no longer determinable.
It should be emphasized that lesions of the renal glomeruli are
rare. They consist only of an occasional large foam cell in a
glomerular tuft, and no accumulations of such cells were found in
these structures. On the other hand, the polyvinyl alcohol-filled
cells abounded in the interstitial tissue of the medulla, often com-
pressing the tubules.
The blood vessel changes observed were less extensive than were
those described by Hueper and his co-workers. The earliest were
represented by an increase in the number of endothelial cells,
together with their palisade-like rearrangement. Later, character-
istic foam cells appeared in the subendothelial spaces, either diffusely
scattered or in the form of well-localized nests. Sites of predilec-
tion, as in human atheromatosis, were at the mouths of branches.
It should be emphasized that the injected material was also present
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in the tissue spaces of the media and that polyvinyl alcohol-laden
phagocytes were occasionally found singly and in clumps in all three
coats of the vessel wall. At a later stage the nuclei of the foam cells
became pyknotic and the cytoplasm was clear. Actual necrosis rarely
was found, but round cell infiltration was common and fibrotic
replacement followed.
Polyacrylic acid
The polyacrylic acid used had a low viscosity. Six animals
were included in the group. It was impossible to extend the period
of observation for more than 21 days even when minimal quantities
were used. The majority of the animals died within a few days,
displaying a fairly uniform picture. There was extensive necrosis
of the liver associated, in some animals, with jaundice. ' Capillary
hemorrhages in the heart and intestinal wall were constant but vary-
ing in amount.
A typical example follows:
Dog 910, a female Doberman, was injected intravenously with
2 and 4 cc., respectively, of the substance on the 13th and 14th of
TABLE 1
POLYACRYLIC ACID
Abmount injected Number J
Dog of Single
No. injections injection Total Duration Results
(cc.) (cc.) (days)
863 1 10 10 1/2 Died 10 hours after injection. No
changes.
910 2 2-4 6 3 Necrosis in liver; hemorrhage in en-
docardium and intestinal wall.
909 2 2-4 6 4 Necrosis of liver, jaundice. Severe
hemorrhage into endocardium and
intestinal wall.
904 6 2 12 6 Necrosis in liver and myocardium;
extensive hemorrhage in skeletal
muscle, heart, intestinal wall.
917 8 0.5-5 11.5 21 Necrosis in liver; hemorrhage in en-
docardium, lungs, stomach, and intes-
tinal wall.
879 14 1 14 18 Necrosis in liver; hemorrhages in
bowel wall.YALE JOURNAL OF BIOLOGY AND MEDICINE
February, 1942. She was found dead on the morning of the 15th.
The liver was strikingly enlarged. Some fibrinous exudate covered
Glisson's capsule. The lobulation of the parenchyma was indistinct
and there were many miliary opaque foci. A few small hemorrhages
were found in the endocardium as well as in the gall-bladder wall.
Microscopically the liver showed extensive hemorrhagic destruc-
tion in the periportal zones of manylobules; this faded as.the hepatic
vein was approached where the liver cells showed only cloudy or
hyaline change.
The pertinent dinical data and anatomical lesions of these
animals are charted in Table 1.
Methyl cellulose
Dogs were injected with methyl cellulose just as they were with
polyvinyl alcohol. It was soon found that the effect varied with
the viscosity of the methyl cellulose. For this reason the presenta-
tion that follows is divided to'embrace the results obtained with
three groups of dogs:
1. High viscosity methyl cellulose (400 centipoises)
2. Low viscosity methyl cellulose (15 centipoises)
3. Medium viscosity methyl cellulose (75 centipoises)
1. High viscosity methyl cellulose: Six animals are included in
this group. The duration of the experiments varied from 11 to 30
days. Attention is drawn to the fact that huge amounts of this
material were injected and tolerated without signs of impairment of
renal function. The majority of the animals had a suffocation-like
death that usually occurred suddenly during or soon after injection.
The autopsy findings were fairly uniform. The main place of
deposition of methyl cellulose was the lung where it was found in
the characteristic large foam cells of the interstitial tissue. These
were either diffusely scattered or localized in tumor-like masses
several centimeters in diameter. When death followed suddenly
after an injection, the material remained'as unstained homogeneous
masses in the lumina of pulmonary artery branches. Pulmonary
hemorrhages, some infarct-like in character, were frequent and these
as well as the less involved areas of the lung often were complicated
by chronic and acute inflammatory reactions.
Apparently the major portion of the entire material was stored
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in the lung since other organs (spleen, liver) showed much less
involvement. A careful study of the vascular system of these ani-
mals did not reveal any "methyl cellulose atheromatosis."
A typical example follows:
Dog 925. This brown and white collie received one injection
of 25 cc. of high viscosity methyl cellulose and eleven of 100 cc.
each during a period of 24 days. The N.P.N. of the blood, deter-
mined after 8 injections, rose once to 43 mg.7% and ranged between
30.8 at the beginning of the experiment and 39.2 mg.% on the day
of death. This occurred within two minutes after the last injection.
Striking on gross examination was the dilatation of the entire
lymph vessel system by blood-tinged fluid and also the presence of
a fresh thrombus extending from the point of injection in the right
foreleg into the right heart and main branches of the pulmonary
artery. Both lungs were heavy, the liver was large, flabby, and of
fleshy appearance with indistinct lobulation. There was no macro-
scopic evidence of storage in other organs, and no atheromatous
patches except the scar so often encountered in the pulmonary artery.
TABLE 2
METHYL CELLULOSE
(High viscosity; 400 centipoises)
Amount injected Number le
Dog of Single
No. Duration injections injection Total Death Storage
(days) (cc.) (cc.)
970 11 9 50-100 720 Sacrificed Lung+Il+
925 24 11 100 1050 Sudden, after Lung, liver, spleen
injection IHI+I + +
983 28 21 75-100 2025 Sudden, after Lung, liver, spleen
injection IH-+ + +
918 30 22 50-100 2100 Sacrificed Lung, liver, spleen
-3-3HL + +
1011 38 33 50-150 3000 Sudden Lung, liver, spleen
1012 42 38 25-150 3150 Sudden Lung, liver, spleen
Table 2 indicates the tolerance manifested by dogs to high vis-
cosity methyl cellulose. Note the large amount, 150 cc., that mayYALE JOURNAL OF BIOLOGY AND MEDICINE
be injected at one time, the number of liters that can be introduced
over a more protracted period, and the almost exclusive storage of
the colloid in the pulmonary and hepatic parenchyma.
2. Low viscosity methyl cellulose: Low viscosity methyl cellu-
lose contrasts sharply in its effect with the high viscosity variety.
The injection of small quantities is followed by localization in the
renal glomeruli, the development of acute and chronic lesions, and
by corresponding physiological changes.
When 20 cc. of low viscosity methyl cellulose were injected
daily for five or six days, a marked rise in non-protein nitrogen
began on the day following the first injection and the animals died
with all of the signs of renal insufficiency after the 5th or 6th
injection.
The kidneys were considerably swollen and their capsules were
under definite tension. Many petechial hemorrhages were scattered
over the cortex especially, and a large number of glomeruli were
recognizable as dark red, glistening dots. The cortical striations
were indistinct and the cortical parenchyma was less translucent than
is usual in swollen kidneys. A few showed only cortical hemor-
rhages and no macroscopic evidence of tubular damage.
The microscopic examination of these kidneys revealed extensive
glomerular changes. Large Malpighian bodies distended Bowman's
capsules; their capillaries were greatly dilated and the epithelial, as
well as the endothelial, elements were swollen; giant cells were not
observed. In a considerable number of instances a homogeneous
material, apparently the injected methyl cellulose, was found bal-
looning the capillary lumina of the tuft (Fig. 1). The capsular
spaces of many glomeruli contained extravasated red cells and
occasionally a destroyed glomerulus was entirely replaced by hemor-
rhage (Fig. 3). Fibrinoid necrosis ofcapillary walls (Fig. 2) some-
times involved also the afferent arterioles, and hyaline thrombi in
these vessels were also encountered. Occasionally there was a very
limited exudation of polymorphonuclear leukocytes. The necrosis
of the vessel walls was restricted to glomerular capillaries and affer-
ent arterioles. The major vessels were uninvolved. The con-
voluted tubules showed all stages of degeneration to actual focal
necrosis, and the loops of Henle contained homogeneous as well as
red cell casts. A typical example follows:
Dog 716 was injected with 18 cc. of low viscosity methyl cellu-
lose on June 18, 1941. No major clinical signs were noted and
566FIG. 1. Dog No. 744. Changes following acutely after injection of low viscosity methyl cellu-
lose. Note the distension of capillaries and necrosis of tufts. Compare Fig. 1 of the following
paper. A=x 12; B=x 100; C=x 350.Fig. 2. Dog No. 744. Balloon capillaries, necrosis of capillary walls, and enlargement and
proliferation of endothelial lining cells. X 375.
Fig. 3. Dog No. 731. Necrosis involving several loops of the glomerular tuft associated with
hemorrhage and deposition of fibrinoid material in the capsular space. X 375.LESIONS ASSOCIATED WITH NON-METABOLIZABLE COLLOIDS 567
daily injections, begun on June 23rd, were continued for three days
until the 27th when the animal refused food. A rapid downhill
course associated with apathy and coma was terminated on July 1st,
when the animal was in extremis.
At autopsy the heart showed extensive myocardial necroses asso-
ciated with hemorrhage. Splinter hemorrhages were found in the
muscular layers of the intestine and there were multiple fresh ero-
sions of the edematous and hemorrhagic gastric mucosa. Altogether
the picture was that usually found in animals following ligation of
renal arteries or ureters,4 6 or following nephrectomy with the injec-
tion of kidney extracts.5 The kidneys of this animal were not
swollen, their parenchyma was dotted with petechial hemorrhages
and the picture was compatible with that of an acute glomerular
nephritis without major tubular damage.
Microscopically the renal changes corresponded to the gross
description. There was no disease of the renal blood vessels other
than those of the glomerular tuft. Acute necrotizing angiitis as
well as necrosis of muscle fibers associated with hemorrhage were
encountered in the heart and in the gastro-intestinal tract. The
similarity of these latter changes to those encountered in human or
canine "malignant nephrosclerosis" or in animals with ligated renal
arteries or ureters was striking.
Dog 746, before further experimentation, was demonstrated by
apreliminary right nephrectomy onJuly 9th to havenormal kidneys.
The animal was injected with 10 cc. of lowviscosity methyl cellulose
on July 16th. The blood N.P.N. was 170.7 mg.% on the 24th
and rose to 450 mg.% on the 28th, the day of the animal's death.
Vomiting occurred on the lastday. Duringthe course ofthe experi-
ment, the urine showed 2-plus albumin, 10 to 15 red blood cells per
high-power field, together with many granular and hyaline casts.
The findings in the kidney were essentially the same as those
observed in Dog 716. Necrotizing vascular disease of other organs
was not found in this animal.
The clinical data and anatomical lesions of the other animals in
this group are presented in Table 3.
3. Medium viscosity: The changes encountered in the group
receiving a 75-centipoise methyl cellulose areofconsiderable interest.
Renal lesions similar to those encountered in the last group, as well
as pulmonary changes as seen in the high viscosity group were found.
The structural alterations of the kidney were associated with evi-YALE JOURNAL OF BIOLOGY AND MEDICINE
TABLE 3
METHYL CELLULOSE
(Low viscosity; 15 centipoises)
Amount injected Highest
Number - A N.P.N.
Dog of Single mg. % Urinary
No. Duration injections injection Total determined sediment Storage
(days) (cc.) (cc.) (cc.)
721 4 3 20 60 Not examined Kidneys
750 6 2 20 40 54 R.B.C. Kidneys
W.B.C.
Casts
747 9 7 10 70 100 R.B.C. Kidneys
W.B.C.
Casts
751 11 5 20 100 178 R.B.C. Kidneys
W.B.C.
Casts Kidneys
695 24 16 15-20 315 Not examined
dence of functional impairment, as was shown in several cases by a
rising non-protein nitrogen. "Atheromatosis" was not encountered
in these dogs.
Comment
A fundamental difference between the results described above
and those reported by Hueper and his co-workers seems to be the
relation between the size of the molecule of the injected material
and the place where it is stored. The large molecular variety of
methyl cellulose localizes primarily in the lung and liver. The
small molecular variety, on the other hand, has a predilection for
the renal glomeruli, where it causes occlusion of the capillaries,
necrosis, hemorrhage, and renal failure. The medium viscosity
methyl cellulose falls between the high and low viscosity varieties in
its localization and in its effect.
Molecular size, however, does not seem to be the only determi-
nan-t forlocalization; it does not hold so far as has been demonstrable
with polyvinyl alcohol. This is deposited in particular tissues
regardless of its chain length. Its localization is associated with
only mild tissue damage. On the other hand, polyacrylate of the
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same chain length kills rapidly before accumulations are demon-
strable in any tissue. That it localizes in the liver is suggested
strongly by the regularity of the occurrences of extensive hepatic
necroses with jaundice. This indicates that chemical structure as
well as molecular size and chain length must be consideredboth in
localization and in the formation of lesions resulting from non-
metabolizable colloids.
Summary
Molecular size determines the localization of methyl cellulose
circulating in the blood of dogs. High viscosity methyl cellulose
is stored 'mainly in lung and liver, whereas low viscosity methyl
cellulose has an affinity for the glomerular capillaries. The deposi-
tion of this material results in acute glomerular changes associated
with renal failure and acute death of the animal.
These findings contrast with those of polyvinyl alcohol, since
molecular size does not change its place of deposition.
Polyacrylic acid differs from both methyl cellulose and polyvinyl
alcohol. It causes extensive damage to the liver even in minimal
amounts.
These facts indicate that both molecular size and chemical con-
stitution are involved in the localization of non-metabolizable sub-
stances and in the subsequent changes in the tissues.
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